By the sample generated by the AMPT with string melting model, we compare the azimuthal distributions of multiplicity, total transverse rapidity, and mean transverse rapidity. It is demonstrated that the azimuthal distribution of mean transverse rapidity is a good probe of the radial kinetic expansion. The anisotropic part of the distribution characterizes the anisotropic nature of the radial expansion, and isotropic part is combinations of thermal motion and isotropic radial expansion.
I. INTRODUCTION
The study of anisotropic collective flow in relativistic heavy ion collisions has attracted increased attention. In non-central collisions, the overlap area of two incident nuclei is an almond shape in the transverse coordinate plane [1] . This initial geometric asymmetry causes a larger density gradient along the short axis. It finally results in the anisotropy of density distribution in momentum space. Therefore, the azimuthal distribution of final-state particles can provide valuable information about the anisotropy evolution [2] .
Conventionally, the azimuthal distribution of the multiplicity of final-state particles has been carefully discussed. Its Fourier expansion [3] is,
2v n (N ) cos(nφ),
where φ is the azimuthal angle between the transverse momentum of the particle and the reaction plane. The Fourier coefficients are evaluated by,
where . . . is an average over all particles in all events. The second harmonic coefficient v 2 (N ) is the so-called elliptic flow parameter. It presents the anisotropy of particle density in formed system. As we know, the initial geometric asymmetry will lead not only the anisotropy of density distribution, but also the kinetics radial expansion. In order to measure the radial kinetics expansion, the azimuthal distribution of mean transverse momentum is suggested and compared with that of total transverse momentum [4] . It is shown that mean transverse momentum well presents the radial kinetics expansion, in addition to the density. However, the transverse momentum of final state particles is not convenient in Lorentz transformation. The corresponding rapidity is merely a shift in Lorentz transformation. It directly related to the transverse rapidity of a final state hadron at kinetic freeze-out [5] by,
where m 0 is the particle mass in the rest frame, p T is transverse momentum, and m T = m 2 0 + p 2 T is the transverse mass. So we further show the azimuthal distribution of mean transverse rapidity in the paper, and compare it with those of total transverse rapidity and multiplicity.
The paper is organized as follows. Azimuthal distributions of mean transverse rapidity, total transverse rapidity, and multiplicity of final state particles are presented and compared in section II. The centrality dependence of the anisotropic part of azimuthal distribution of mean transverse rapidity is presented and studied in section III, and mass dependence of its isotropic part is presented and discussed in session IV. Finally, the summary and conclusions are drawn in section V.
II. AZIMUTHAL DISTRIBUTIONS
Usually, the total transverse rapidity is the summation of all particles transverse rapidity in an event in the mth azimuthal bin, i.e.,
where y T,i is the transverse rapidity of the ith particle, and N m is the total number of particles in the mth bin, and the average . . . is over all events. The mean transverse rapidity is its average over total number of particles in the mth azimuthal bin, i.e.,
where the average . . . is first over all particles in the mth angle bin and then over all events. It measures the mean of transverse kinetic expansion. The contribution of the number of particles is reduced by the first average.
In order to see how these distributions and what their characters are, we use the sample of Au + Au collisions at 200 GeV generated by the AMPT with string melting model [6, 7] as an example to demonstrate. Where a partonic phase is implemented in the model and the elliptic flow data from RHIC are well reproduced by the model [8] .
Here we generate about 0.2 millions minimum bias events. Azimuthal distributions of total transverse rapidity, mean transverse rapidity, and multiplicity in the full rapidity range y ∈ [−5, 5] are presented in Fig. 1(a) , (b) and (c), respectively. Although their amplitudes are quite different, they are same periodic function. Their maximums and minimums appear in the in-plane and out-plan directions, respectively. It shows that the radial expansion has the same anisotropy as that of multiplicity distribution. They can be expanded by Fourier series as well,
and
Where v n ( Y T ) and v n ( y T ) are their Fourier coefficients. From the Fig. 1 , we can see that the main contribution comes from the second term, n = 2, i.e.,
Where the constant terms are isotropic part, and the second terms are anisotropic part. In the following two sections, we will show their physical features respectively.
III. THE FEATURES OF ANISOTROPIC PART OF THE DISTRIBUTIONS
Since the value of anisotropic part directly relates to the centrality of the collisions, we present the central- ity dependence of three kinds of anisotropic coefficients, v 2 ( Y T ) , v 2 (N ) , and v 2 ( y T ) by black solid cycles, blue solid triangles and red solid stars in Fig. 2 , respectively.
The figure shows that they have the similar centrality dependences. At each of centrality, the v 2 ( y T ) is the smallest, the v 2 (N ) is in the middle, and v 2 ( Y T ) is the largest. This is understandable. From the definitions of Eq. (4) and (5), it is known that the total transverse rapidity counts the information from both multiplicity and mean transverse rapidity distributions. Its anisotropy should be the largest. The mean transverse rapidity and multiplicity describe respectively the radial expansion and particle density. Their anisotropic parts are smaller than that of total transverse rapidity. The results further indicate that the anisotropy of radial kinetic expansion is smaller than that of the multiplicity distribution. It also shows that the anisotropy of mean transverse rapidity, the red solid stars, are most close to the zero in central collisions. This means that in central collisions, the radial expansion is almost isotropic. In order to see this in more detail, the azimuthal distributions of mean transverse rapidity at three typical centralities, 0 − 5%, 30% − 40%, and 60% − 70%, are presented by black solid cycles, red solid triangles, and blue solid down-triangles in Fig. 3 , respectively. Indeed, black solid cycles for central collisions are nearly azimuthal angle independent, but the red solid triangles, and the blue solid downtriangles for non-central collisions are azimuthal dependent. The large anisotropy appears in the mid-central collisions, and the small anisotropy is in the peripheral collisions. This is consistent with the expectations that anisotropic radial flow appears in non-central collisions, and is the largest in mid-central collisions [9] . So the anisotropic part of azimuthal distribution of mean transverse rapidity well presents the anisotropy of radial kinetic expansion.
IV. THE FEATURES OF ISOTROPIC PART OF THE DISTRIBUTION
The isotropic part of the azimuthal distribution of mean transverse rapidity, Eq. (9), is a combination of the radial rapidity and thermal motion rapidity. The thermal motion is mainly determined by the temperature and particle mass. For a system at fixed temperature, the lighter particles have larger thermal velocity. To see particle mass dependence of isotropic part, the azimuthal distributions of mean transverse rapidity for three different particle species, , k, and p are presented in Fig. 4(a) , and the mass dependence of the isotropic parameter, v 0 ( y T ) , is presented in Fig. 4(b) . They show that the lightest particle (pion) has the largest isotropy rapidity. While the heaviest particle (proton) has the smallest isotropic rapidity, and intermediate mass particle (kaon) have the rapidity between them. These indicate their isotropic rapidities are ordered by their masses as expected random thermal motion. So the isotropic part of the azimuthal distribution of mean transverse rapidity is the combination of thermal motion and isotropic radial expansion.
V. SUMMARY AND CONCLUSIONS
Using the sample generated by the AMPT with string melting model, we study the azimuthal distribution of mean transverse rapidity of final state particles, and compare it with the azimuthal distributions of total transverse rapidity and multiplicity. It shows that the suggested distribution mainly contains two parts: isotropic, and anisotropic mean transverse rapidity. The anisotropic part is smaller than those of total transverse rapidity and multiplicity. Its centrality dependence is as expected anisotropic radial flow. The isotropic part of the distribution is ordered by mass as expected thermal motion. It is a combination of thermal motion and isotropic radial expansion.
Therefore, the suggested distribution provides a model independent way to extract anisotropic radial rapidity.
